These results and the ratios of 3H and 14C in the microsomal fraction and secreted protein suggest that MPA has a primary effect in decreasing amino sugar incorporation and a secondary effect in reducing amino acid incorporation into glycoprotein.
Introduction
The histology of human endometrial glandular cell secretion has been described by Noyes, Hertig & Rock (1950) . During the secretory phase the Golgi complexes are greatly developed and the distended endoplasmic reticulum contains glycogen and glycoprotein (Wynn & Harris, 1967; Wynn & Woolley, 1967) . Pincus, Rock & Garcia (1958) reported alterations in endometrial histology in response to synthetic progestagens. Flowers, Wilborn & Enger (1974) studied the ultrastructure of the endometrium after treatment with quingestanol acetate for 3 months and observed that many aspects of protein synthesis were affected and that, despite ovulation, subnuclear vacuolation did not occur. They inferred from histochemical studies that the progestagen did not alter transport mechanisms across the cell surfaces, but that there was a reduction in the glycoprotein in the cells and that intracellular transport systems were affected. The histochemical and histological effects of oestradiol and progesterone on human endometrium in culture have been studied by Csermely, Demers & Hughes (1969) and Kohorn & Tchao (1969) . Shapiro & Hagerman (1974) examined precursor uptake into protein and RNA. This paper examines the effects of the progestagens, medroxyprogesterone acetate, ethynodiol diacetate, and chlormadinone acetate, on glycoprotein synthesis by human endometrium in culture to elucidate further the mechanism of action of these potent antifertility agents.
Materials and Methods

Chemicals
The radiochemical purity of [l-1*C]D-glucosamine hydrochloride (sp. act. 55-0 mCi/mmol), [l-3H] D-glucosamine hydrochloride (sp. act. 2-6 Ci/mmol), [4,5-3H]L-leucine (sp. act. 19 Ci/mmol), [l-14C] 2a-aminoisobutyric acid (sp. act. 58 mCi/mmol) and [l-3H]D-sorbitol (sp. act. 5-44 Ci/mmol) was more than 99 % and the chemicals were used as purchased from the Radiochemical Centre, Amersham. 383 The steroids used were: oestradiol-17ß (1,3,5, (10)-estratriene-3,17ß-diol: Sigma Chemical Co., St Louis, Missouri); progesterone ; medroxyprogesterone acetate : Upjohn Co., Kalamazoo, Michigan); ethynodiol diacetate (19-nor-17a-ethinyl-4-androstene-3,17ß-diol (6ß-chloro-17rz-acetoxy-4,6-pregnadiene-3,20-dione (CA) : Syntex Pharmaceuticals Ltd, Maidenhead, Berks) and norethisterone . Radioactive steroids were: [2,4,6,7-3H] (Trowell, 1959) , each culture containing 8-10 2 mm3 expiants. The expiants were placed in the culture dishes (Falcon Plastics, Los Angeles) on lens paper supported on a grid over a central well containing 1 ml medium T199 with 10% calf serum (Biocult), 200 units penicillin (Glaxo Labs, London), 100 µg streptomycin (Glaxo) and 40 µg insulin (B.P., Weddel Pharmaceuticals, London). The cultures were placed in sealed boxes, gassed with 95 % air, 5 % C02 and incubated at 37CC. One culture dish was maintained for a histological control. The phenol red in the T199 was used to indicate the need for re-gassing during the course of the experiment.
Extraction ofglycoprotein
Glycoprotein was extracted from 1 ml incubation medium aspirated from the culture dish, using ice-cold 10% trichloracetic acid solution. The precipitate was washed three times with 1 ml 5 % trichloracetic acid, twice with 1 ml chloroform : methanol (2:1, v/v) ; twice with 2 ml acetone and twice with 1 ml ether (Molnar, Robinson & Winzler, 1965) . The ether was evaporated and the residue solubilized for counting overnight with 0-3 ml hyamine hydroxide 10X (Packard Instrument Co., Illinois) at 55°C. Protein determinations were performed on 0-1 ml homogenate by the method of Lowry, Rosebrough, Farr & Randall (1951) .
Preparation of the microsomal fraction
After the incubations were terminated and the media removed for glycoprotein precipitation, the expiants were washed twice with 1 ml ice-cold 0-9 % NaCl to remove any adhering medium. The excess fluid was removed by blotting and the expiants homogenized in approximately 1 ml icecold 0-25 M-sucrose in a 180-mm A.G. tissue grinder. The homogenate was made up to 5 ml with 0-25 M-sucrose and then centrifuged at 800 g for 15 min. The supernatant was decanted and centrifuged at 105,000 g for 36 min. The supernatant was again decanted to obtain the microsomal pellet which was gently resuspended in 01 ml distilled water, transferred to a test-tube with a further 0-1 ml distilled water and was solubilized for counting by the addition of 0-8 ml hyamine hydroxide 10X and incubated overnight at 55CC.
Representative microsomal pellets were fixed in 3% glutaraldehyde, washed in 0-1 M-phosphate buffer, embedded in epoxy resin and sectioned at 60-90 nm. Examination with an 6B electron microscope at 60 kV at a final magnification of 30,000 showed a membrane preparation without nuclear or mitochondrial contamination.
Conditions of counting
The extract solubilized in hyamine hydroxide 10X was transferred to a counting vial; 0-2 ml hyamine hydroxide 10X washings were also transferred and 15 ml Bray's solution added (Bray, 1960 
Amino acid transport
The measured total aminoisobutyric acid space, the extracellular (sorbitol) space, and the derived intracellular aminoisobutyric acid space were calculated as described by Roskoski & Steiner (1967) .
Results
Cultures without added steroids
After equilibration of cultures for 16 hr, the medium was replaced and to each culture dish was added 2-5 µ [l-14C]D-glucosamine. The cultures were terminated in pairs after 4, 8, 16, 24 and 48 hr, glycoprotein extracts were prepared from the media, microsomal preparations were made and the protein concentration of each dish was determined (Table 1) . When the cultures of endo¬ metrium were exposed to an excess of glucosamine the uptake onto the microsomes was almost linear for 8 hr and then reached a plateau. Incorporation into the secreted glycoprotein reached a peak at 16 hr, was followed by a plateau, and then resumed activity, which in other experiments continued until 72 hr or more (Cooke, Hastings & Lambadarios, 1971 1,4,8,16 and 24 hr. Some cultures received no steroids ; others received 10~9 m oestradiol+progesterone and either 10-6 M-norethisterone or 10~6 M-MPA. After harvesting, a 10 µ sample medium and a 100 µ sample homogenate (of total volume 5 ml) were taken for counting. Both samples were digested overnight at 55°C with 0-3 ml hyamine hydroxide 10X.
The measured total AIBA space, the extracellular (sorbitol) space and the derived intracellular AIBA space were calculated as described by Roskoski & Steiner (1967) The sorbitol or extracellular space showed no consistent alteration by MPA or norethisterone. The intracellular AIBA space was relatively constant in control cultures after the first hour. The progestagens however caused major fluctuations (Table 6 ), but the nature of the significant reductions and significant increases seen within a 24 hr period is obscure. (1969) and Kohorn & Tchao (1969) . Pietras & Szego (1975) , using isolated rat endometrial cells, found that the same oestradiol con¬ centration elicited a primary target cell action of sodium and water increments within 2 hr. The concentrations of the progestagens in the culture medium were probably higher than in plasma. Nash, Bopp, Shreve & Schols (1971) reported that chlormadinone acetate reached a concentration of 10~8 µ (2 ng/ml) in plasma after oral administration of contraceptive dosages, although Guerrero, Landgren, Montiel, Cekan & Diczfalusy (1975) emphasized the discrepancy between plasma and endometrial levels of endogenous steroids which were up to 20-fold greater in the tissue and mostly higher in the proliferative phase. Sweat & Bryson (1970) have demonstrated metabolism of progesterone in human endometrium, but no major metabolic product was identified in the present experiments, presumably because of the very small amounts of tissue incubated. Metabolic products of the synthetic progestagens have not been identified. Sweat, Bryson & Young (1967) and Gurpide & Welch (1969) have shown that oestradiol is extensively converted to oestrone in human endometrium.
The CA, MPA and ED were only added to proliferative-phase tissue with oestradiol since this would have been the steroid to which the tissue had been exposed in vivo. Similarly, secretory-phase tissue had been exposed to oestradiol and progesterone in vivo. The fact that the 72 hr culture of secretory tissue showed a depression of incorporation into secreted glycoprotein when CA, MA and ED were added with oestradiol and progesterone, but not when oestradiol or progesterone or the synthetic progestagens alone were used, suggests a competitive mode of action by the progestagens.
MPA had an effect on the amino acid and amino sugar components of glycoprotein. The effect was first seen at 2 hr as impaired uptake of glucosamine onto microsomes, but was no longer present at 8 hr. Leucine uptake onto microsomes was not influenced, but leucine uptake into glycoprotein was reduced at 8 hr. The absence of depression of microsomal leucine uptake suggests that leucine also acts as a precursor for many other structural proteins that are not influenced by this progestagen. Glucosamine incorporation into secreted glycoprotein was more obviously influenced by the pro¬ gestagens; reduction in glucosamine incorporation occurred from 2 hr but did not have a critical effect on leucine incorporation until 8 hr (Tables 2 and 5 ). Sugar residues in glycoprotein are probably added after the polypeptide has been synthesized and released from the ribosomes, although a small amount of bound glucosamine probably occurs in nascent polypeptides (Ginsberg & Neufeld, 1969) . However, available glucosamine must be critical for continued completion of the polypeptide chain, as shown by the results of leucine preincubation in the absence of glucosamine (Table 3) and in the reduction of leucine incorporation seen at 8 hr ( Table 2 ). The effect on leucine incorporation was striking, as shown by the increased ratio of incorporated glucosamine to leucine. If the only effect were a reduction in glucosamine, this ratio should not have risen. Since it rose significantly, the amino acid reduction must have been greater than the molar glucosamine reduction and there must have been an additional depressive effect on amino acid incorporation. This was not shown by a change in microsomal ratio, probably because it was masked by leucine taken up for synthesis of structural proteins. The primary effect therefore of MPA and perhaps the other progestagens is a reduction of the microsomal amino sugar uptake, and hence of passage through into secreted glyco¬ protein, and a secondary reduction in amino acid incorporation into glycoprotein because this is critically dependent on an adequate supply of amino sugar. Long-term administration of steroids would probably result in a progesssive reduction in glycoprotein synthesis.
The depressive effects of MPA first noted on the endoplasmic reticulum may influence the quan¬ tity and, by changes in precursor ratio, the quality of secretion and it could result in the histological abnormalities described by Flowers et al (1974) . Thus specific endometrial glycoproteins, such as blastokinin (Krishnan & Daniel, 1967) which may have an important role in implantation (Arthur & Daniel, 1972) , may be altered or critically reduced, resulting in potent antifertility effects of these progestagens by a local action quite apart from any suppression of ovulation.
The pulse-chase experiments showed that the progestagen effect occurred rapidly and was first seen at the microsomal level. The apparently anomalous point at 4 hr ( (Cooke et al, 1971) and although the steroid cytosol content remains relatively constant over a 48 hr period the addition of fresh oestradiol and progesterone with the chase label could exert a further stimulatory effect. Sunshine, Williams &Rabin (1971) andBlyth, Freedman & Rabin (1971) suggested that oestradiol and testosterone may be bound on intracellular membranes and may activate them, but the binding affinity of synthetic progestagens for these membranes and hence their potential blocking action is unknown. MPA and norethisterone influenced the transport of amino acid within the cell during a 24 hr period, but elucidation of the major fluctuations in space volumes requires further study. Oestradiol and progesterone have different effects on the components of endometrium, the glandular and luminal epithelial cells and the stromal cells, as shown by Tachi, Tachi & Lindner (1972) in the rat, and Marcus (1974) 
